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Use of conjugates of bovine senim albmnin with 

poly(alkylene oxide)s for solubilization of riboflavin 
ester^ 

Irene N. Topchieva/^ Boris I. Kurganov.f Mariaima V. 
^ 1 eplova, , Inna A. Gorskayaf and Inna P. Rudakovai 

demonstrated that coniuoates ni n^A , ^ransier to mitochondria 

CoZi'lT ™P""«<'"= to *e creation of new dAg fo^iSanons 
^ymneiic surtactants [1], microemulsions [2,31, microsDherp.; u^ r,=.„^ 

paper reports the use of BSA conjugated with wateiSble p^vfaBcvlene 
oxide)s [poly(ethylene glycol) (PEG)^ and block co-polymers of e^^ete 
oxide a„d propylene oxide (pluromcs, proxanols)] ^as^^sport t^^s 
n^ese conjugates are star-shaped structures with a proternudeus'"fh 
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polymer molecules attached, each at one site (Figure 1). Polymers of this 
type are soluble both in water and in organic solvents and may serve as 
catalysts for phase transfer [8]. Pluronics, which characteristically possess 
properties of polymeric amphiphilic surfactants, have also been shown to 
be inserted into biological membranes and to penetrate them [9,10]. This 
greatly accelerates pluronic-mediated phase transfer of hydrophilic 
compounds into ceU membranes [11]. Covalent binding of pluronic chains 
to proteins results in conjugates capable of penetrating biological 
membranes [9]. 



Materials and methods 

Materials 

BSA was purchased from Serva, D-amino-add oxidase from pig kidney 
and lactate dehydrogenase from pig skeletal muscle were purchased 
from Reanal; monomethoxypoly{ethylene glycol) [1] (M, 1900) was 
purchased from Merck Block co-polymers, obtained from the experi- 
mental plant MNPO 'NIOPIK' and with the following structures, were 
used: 

(1) type RPE 

C4HgO(CHCHoO),4(CHoCH30)H 

I 

CH3 

C4H90(CH.CH.O).o(CHCHoO),4H 

I 

CH3 

The M, of both co-polymers is -2000; the content of propylene oxide 

IS -40%/ ^ ^ ^ 

Monoaldehydes of these co-polymers were synthesized by the oxida- 
tion of end hydroxy groups [12]. 

2',3',4'.5'-Tetraben2oyl-5-acetyl- 1 ,5-dihydroriboflaviii [benzaflavm; BF): 

(HCOCOCcHc;)':! 



(2) type REP 




was purchased from the Moscow Experimental Vitamin Plant. 

Synthesis of conjugates oi ESA with polyialkylene oxicie)s 
Conjugates of BSA with polv(alkylene oxide)s were ;%Tithesized by the 
interaction of protein £-NH, groups with monoaide-yde denvatives ot 
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Figure 1 

Structure of proteins (P) conjugated with 
polylaikylene oxide)s. mm, Hydrophobic 
block:-^. hydrophilic block; /, BSA-PEG- // 
and III BSA-piuronic; IV, 3SA-piuronic 
-^pluronic. 
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Study of BF solubilization by BSA and its conjugates with 
polyialkylene oxidejs 

BF solubilization was estimated using u.v. spectrophotometry and high- 
speed sedimentation analysis with an analytical ultracentrifuge (Spinco 
model E; Beckman) equipped with an absorption optical system, mono- 
chromator and photoelectric scaiming system. Assays were carried out at 
306 nm; the rotor speed was 48000 rev./min at 20''C. The determination 
of particle size was performed using the quasielastic light- scattering tech- 
nique with an Autosizer LC. (Malvern instrument). 

Study ot BF transfer to rat liver mitochondria 

Rat liver mitochondria were isolated by the method described in [13]. The 
protein content was determined by the method of Bradford [14]. The 
amount of BF bound to mitochondria was determined photometrically by 
the difference between total BF content in solution and its content in the 
supernatant after incubation with mitochondria. This value reaches 
maximum after 1 min and remains constant during the following incuba- 
tion with mitochondria. The incubation media was composed of 250 mM 
sucrose, 10 mM Tris/HCl, pH 7.4, 10 mM KH0PO4, 1 mM EDTA and 0.4 
mg of mitochondrial protein in 1 ml (25'*C). 

The influence of BF on the processes of peroxidation of lipids (POL) 
in rat liver microsomes 

Rat liver microsomes were obtained by the method described in [15]. POL 
was studied in 40 mM Tris/HCl buffer, pH 7.4, containing 0.2 ml of 5 mM 
NADPH, 0.2 ml of 50 uM Mohr's salt and 0.2 ml of 1 mM pyrophosphate; 
0.2 ml of suspension containing rat liver microsomes and various volumes 
of conjugate solution were added to the assay solution. The volume of 
conjugate solution was calculated on the basis of the final concentration 
of BF. Pyrophosphate was dissolved in the solution containing solubilized 
BF in order to leave the total volume of incubation media unchanged 
compared with the control media (without conjugate). Incubation with 
constant shaking was for 30 min at 37*'C. After incubation, the concentra- 
tion of malomc dialdehyde (MDA, the final product of POL) was esti- 
mated by a standard method [16]. MDA was measured by reading the 
absorbance of its adduct with thiobarbituric acid (f 1.56 x 10^ m"^ - cm ^ at 
532 nm). 

Study of enzymic activity of D-amino-acid oxidase from pig kidney 
in the presence of solubilized forms of BF 

Enzymic activity of o-amino-acid oxidase was measured by the lowering 
of absorbance of NADH at 340 nm in a coupled system, containing both 
D- amino- acid oxidase and lactate dehydrogenase from pig skeletal 
muscle and by the polarographic method using a Clark oxygen electrode. 
The concentration of o-amino-acid oxidase in the reaction media was 0.5 
mg/ml and that of d- a -alanine 0.17 mM. 
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Results and discussion 

On "tS'S of°if i'' B':^-P'"ymylene oxide; conjugate, 
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Figure 2 




Solubilization of BF by BSA (O), conjugate 
of BSA with PEG (•) and conjugate of BSA 
with pluronic ( x ); conditions: 0,1 M Tris/ 
HCl buffer, pH 8.3; 25**C; the concentration 
of BSA in the conjugate and free BSA in 
solution was 1 mg/ml. 



0 



0.5 

10^x(BFl (M) 



1.0 



appear to have any appreciable effect on the efficiency of solubilization. 
At the same time, a markedly enhanced density of polymer chains in the 
vicinity of the protein, which resulted from interactions of the introduced 
free pluronics with pluronic chains covalently bound with protein, led to 
a decrease in the limit of solubilization, probably owing to enhanced 
shielding of the sites responsible for BF solubilization. Optimum 
incorporation of BF into the conjugate occurred at pH 7.6-9.0 (Figure 3). 
The limit of solubilization decreased with increasing ionic strength of the 
phosphate buffer solution. 

Experiments conducted to study temperature-dependent solubiUzation 
of BF and BSA and its conjugates revealed marked heterogeneity of the 
solubilization systems at 40°C which . was not normally observed in 
solutions containing pure protein components. Certain portions of sedi- 
mentograms indicated mean sedimentation coefficients which were 
approximately twice as high as those intrinsic in protein components 
(Table 2). In such systems, BF could probably facihtate the 'bridging' of 
protein molecules to give rise to aggregates. Comparison of relative 
amounts of different particles in the experimental systems demonstrated 
that the proportion of aggregates in solutions containing BSA-pluronic 
conjugates was significantly lower than m all other BSA-containing 
systems. Polymer chains of these conjugates appear to be responsible for 
steric hindrance inherent in BF-mediated intermolecular interactions 
between proteins. 

It is appropriate to surmise, on the basis of these findings, that BF 
molecules are localized in hydrophobic parts of the conjugated BSA This 
inference is confirmed by the fact that attachment of pluronics to other 
proteins, e.g. IgG or a-chymotrypsin, which lack the ability to bind this 
ligand, had no effect on their solubihzing porenc^r. 

BF transfer from solubilized forms in rat heart mitochondria 
The above data suggested the possibility of using conjugates of BSA with 
poly(alkylene oxide)s for the delivery of BF :o target ceils. Therefore, we 
investigated the transport of solubihzed BF in bioiogicai systems, specifi- 
cally BF transfer to rat liver mitochondria. This system demonstrates the 
relationship between the amount of bound 3F and the concentration of 
free BF (BF.^^e) in the presence of either BSA or its conjugates. Quantita- 
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Figure 3 
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0 2 4 6 8 

l0^x[BF],,„(M) 



Figure 4 

Relationship between concentration of bound BF (mol/g of mitochondrial protein) and 
concentration of free BF. Solubihzing agent: o, BSA; BSA-PEG: x , BSA-pluromc (struc- 
ture //). Abbreviation: [MT], concentration of mitochondrial protein. 



calculated by the following simple formula: 

[BF],o,„, _ K[BF]o 

[MT] (i + K[ivrr]) 

wherein [BF]o is total concentration of BF. 

.AJso, Figure 4 shows the patterns which identify the abihty of BSA and 
BSA-PEG to transfer BF to membranes. Both soiubilizing agents may be 
characterized by the same K value: K =0.31 ±0.01 (g of mitochondrial 
protein/litre)" ^ The higher transfer efficiency of BSA conjugate with 
pluronic for BF transport as compared with the BSA-PEG conjugate 
[K=0.96±0.01 (g of mitochondrial protein/litre) is due to the weaker 
association between BSA-pluronic and BF solubilized by this conjugate. 
To summarize, BSA-pluronic conjugates have certain advantages over 
the remaining solubilization systems, both at the stage of solubihzation 
and during transport of BF. This makes them useful tools for the develop- 
ment of new drug formulations. 

Influence of BF on POL in niiCTOSomes of rat liver 
Water-soluble forms of BF may be employed to investigate the molecular 
mechanisms of its action in model biochemical systems. It was shown [17] 
that the tetrabutyrate of riboflavin, a compound similar in structure to BF , 
inhibits POL in rat liver mitochondria, initiated by the addition of 
adriamycin, an antitumour agent. Based on these observations it might be 
expected that BF also would be able to inhibit POL Quantitatively the 
process of NADPH-dependent POL and the influence of solubihzed forms 
of BF on its rate was studied by measuring the concentration of MDA 
(final product of POL) in liver microsomes. In preliminary experiments the 
influence of BSA, PEG and pluronics on the rate of NADPH-dependent 
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0 1-2 3 4 5 

10^x[BF] (M) 

Figure 6 

Inhibition of D-amino-acid oxidase by BP, soJubilized by BSA (o and x ), conjugate 
BSA-PEG (o and-!-) and conjugate BSA-pluronic (A). The enzymic activity of D-amino-acid 
oxidase was registered by spectrophotometric (O, •) and poiarographic (x, a) methods. 
Conditions: 0.1 M Tris/HCl, pH 8.3, 25°C; the concentration of BSA in conjugates and free 
BSA in solution was 1 mg/mi. 

c 

that the course of the curve V/Vq versus [BF] remains unchanged by 
alterations in the solubilizing agent concentration. In order to estimate the 
inhibitory ability of BF, the inhibition constant, K^, was calculated as 
follows: 

V_ 1 
Vo 1-[I]/Ki 

where [I] is concentration of BF. The value of appeared to be 
0.29 ±0.02 mM. It should be noted that the sensitivity of D-amino-acid 
oxidase entrapped in hydrated reversed micelles to the inhibition of BF is 
essentially higher: K^^ 4.5x10"^ M at ([HoO]/[ aerosol OT] = 23). This is 
because, in reversed micelles, the local concentration of BF in the vicinity 
of enzyme takes place as a result of entrapment of BF on the surface of 
the micelle. 

Figure 7 shows the plot of the rate of the enzymic reaction catalysed by 
D-amino-acid oxidase versus the concentration of a-o-alanine in the 
absence of BF (o) and in the presence of 2x IQ--* M BF, solubihzed by the 
conjugate of BSA with PEG (•). Parameters of the Michaehs-Menten 
equation of experimental curves were calculated by the non-linear least- 
squares using algorithms by Marquardt [22] and Nelder and Mead [23]. 
In the absence of the inhibitor the ^vlichaelis constant (K^) and maximal 
rate (V^^) were found to be 4.9 ±0.1 mM and 3.65 ±0.05 ng-atom of 
O/min per mg of protein respectively. The decrease in the catalytic pro- 
perties of D-amino-acid oxidase in the presence of BF is due both to a 




Conjugates of proteins with poIy(alkyl 



ene oxide)s 



fo and X ), conjugate 
:ctivity or" D-amino-acid 
iphic (X, A) methods, 
in conjugates and free 



ins unchanged by 
der to estimate the 
was calculated as 



. appeared to be 
y of D-amino-acid 
inhibition of BF is 
OT] = 23). This is 
f BF in the vicinity 
■ on the surface of 

iction catalysed by 
-D- alanine in the 

solubilized by the 
Michaehs-Menten 
e non-linear least- 
er and Mead [23]. 
(KJ and maximal 
±0.05 ng-atom of 

the catalytic pro- 
• is due both to a 



Figure 7 

' Relationship between the rate of enzvrmc 
iV) and the concentration of a -d- alanine in 
BF soJubihzed by a BSA-PEG conjugate cT 
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10* x(a-D-AJdnine) (M) 
decrease in the catadytic constant f V = 9 ^ ni 

mg of protein) and to a decrease 7n th^ of O/min per 

(^n, = 9.3±0.2mM). decrease in the enzyme-substrate affinity 

Conclusion 

propylene oxide (proxan^s pluronicsn^for^P^'' °^ '^^^""^ 
BSA with pluromcs v^Se shoZ To ul^^' Conjugates of 

this substance than thl lee ZlL Tl^^^ ^^^^^^ ^^r 

inhibit NADPH-dependent pSl ^rat t^^^^^ able to 

action of BF does not depend on hi h inhibitory 
inhibitory properties ^eTSLr^tr^LlF^ of soinbilizing agent. The 
solubilized forms of BF on tJ^e^e l''".*^^ of 
from p,g kidney. TT^us coniuaaL ^1 °^ o-amino-acid oxidase 

carrier for the delivery orbSolLv tr ""^T"^'' " °f 
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